Ten patients with the electrocardiographic diagnosis of atrial flutter were investigated by exploration with electrodes within the esophagus and the right atrium. The records obtained were studied in regard to the timing of the intrinsic deflection and the contour of the atrial waves, as recorded at various sites.
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In four patients, atrial activation progressed in sequence cephalad in the left atrial wall and caudad in the right atrium. This process continued through two thirds of the total atrial cycle, favoring "circus movement" as the underlying mechanism. In six other patients, activation was believed to originate low in the left atrium, with simultaneous spread of excitation of both atrial walls in a general cephalad direction and terminating within the first half (usually the first third) of the atrial cycle. This pattern is compatible with, but not conclusive of, an ectopic focal mechanism. Serial records in one patient are presented in which transformation of one type into a second type of atrial flutter is suggested. It is likely that at least two mechanisms are present in human atrial flutter.
Additional Indexing Words: Circus-movement hypothesis Right intra-atrial electrocardiogram Right intra-atrial esophageal potential-differen A LTHOUGH SEVERAL hypotheses have been proposed for the underlying mechanism in human atrial flutter, they can be grouped broadly into three basic models: (1) the continuous circulating movement of the excitation wave;1-3 (2) the unifocal or multifocal impulse formation4 5; and (3) The introduction of esophageal and later right intra-atrial electrocardiographic electrodes, placing the exploring tool in close proximity to the atrial musculature, permitted a more accurate detection of the process of atrial excitation. Esophageal electrocardiograms in atrial flutter confirmed the caudocephalic direction of the wave in the left atrial wall in most cases, although opposite direction of the wave progression was rarely observed. 5, 10, [21] [22] [23] [24] [25] [26] The morphologic features of atrial flutter in esophageal leads seemed to be almost specific, with the absence of an isoelectric interatrial segment at one or more levels of recording.23 Electric events in the right atrial wall were detected initially by means of anterior chest leads,10' 26 and later by the use of right intra-atrial electrodes. [27] [28] [29] [30] [31] The relative timing of the intrinsic deflection recorded by proximity leads was used to measure the arrival of excitation at the site of recording. In most studies, atrial activation seemed to occupy a large portion of the atrial cycle;10, 26-29, 31, 32 shorter durations of atrial excitation were found less often and were considered to represent atrial tachycardia. Direct exploration of the electric activity in the atrial wall during atrial flutter has been reported only twice to our knowledge. 33' 34 In the first case, the flutter happened to be of the impure type; in both cases, the results were inconclusive.
Methods
The study group consisted of 10 patients considered to have the generally accepted electrocardiographic criteria for atrial flutter as described initially by Lewis,' who emphasized ceaseless and uniform atrial activity of about 250 to 350 times per minute. General data as well as the electrocardiographic features of the 10 patients are presented in table 1. There were eight men and two women, with an average age of 65.1 years. Five of the patients were receiving maintenance doses of digitalis, whereas the other five did not receive drugs prior to the investigation. Five of the patients did not have heart disease, except for the arrhythmia, but two patients had atrial septal defects. The remaining three patients were considered clinically to have coronary heart with the endocardial electrode advanced to the right atrium, simultaneous esophageal (at various levels), right intra-atrial and unipolar chest (V1) tracinigs were recorded. Finally, a potential-difference curve between the esophageal and the right intra-atrial electrodes was obtained by methods previously described.
Two different aspects of the records were considered in detail: First, tlhe contour of the atrial waves both in the esophageal and intra-atrial tracings was studied in order to estimate the general direction of the spread of atrial excitation. Whenever a major positive deflection was recorded at high level and a major negative deflection at low level, the wave front of excitation was assumed to progress superiorly. Whenever a major positive deflection was recorded at low level and a major negative deflectioni at high level, the wave fr-ont of excitation was assumed to progress inferiorly.24 37 38 Second, the relative timing of the intrinsic deflection was used to map the time sequence of the wave-front arrival at the site of recording. In all cases, the lower part of the left atrium was chosen arbitrarily as the zero point.
Results
Different patterns of electric behavior of the atria were observed from the analysis of our 10 patients; these patterns might be best illuistrated by presenting the results in two patients (cases l and 3). fig. 6, bottom) revealed only a single intrinsic deflection; it was followed by a small incisura, indicating that the arrival of excitation in both sites (left and right atrial wall) was almost simultaneous.
All 10 patients were subjected to the same investigation as the patients in the illustrative cases were. The data were analyzed and are summarized schematically in figure 7 . The timing of intrinsic deflection was accurately determined at the various levels within both atria. In addition, the general direction of the atrial wave was estimated ( fig. 7, figure 10 . The principles of the "solid anngle" theory, by svhich electric potential induced by depolarization and repolarization of electrically charged membranes can be calc-n lated, have been simplified and reduced from their spatial geometry into two dimensions. Using this model, hypothetical atrial vaves have been constructed for proximity (esophageal and right intra-atrial) and remote (aVit) leads ( fig. 10) , which bear surprising similarity to those recorded in our cases. The hypothetically constructed potential-difference curves between the esophagus and the right atriuLim demonstrate two separate intrinsic deflections for each atrial cycle. This phenomenon was seen when the esophageal electrode was placed behind the midleft atrium (about Only one main intrinsic deflection is seen in each atrial cycle, which is shortly followed by small notching. This is probably due to the fact that waves of excitation arrive almost simultaneously at both atria. This pattern is compatible with, but not conclusive of, uinifocal activation. 37 Cen from the anterior nasal nares) and the endocardial electrode was miioved from the right ventricle into the stuperior vena cava.
Prinzmetal and associates4I required the presence of two intrinsic deflections in an esophacgeal tracing as evidence for circus movement and considered their absence as an argument against this theory. We could not detect this M-shaped atrial wave in any of the esophageal tracings of group A, but it was seen in all potential-difference curves between esoplhageal and right atrial positions and also in intraatrial tracings, as shown in figure 3 (recorded from midright atrium) and figure 9. In those tracings, each deflection of the pair corresponded to separate activation of each of the two atria.
If circus movement tnuly exists and if the exploring electrode is incidentally placed symmetrically in regard to the excitation pathway, one may expect a pattern like that hypothetically drawn in figure 10, left. Indeed, a similar pattern has been seen by one of us (Y.K.) anid has been previously published ( fig. 11,  bottom) . This arrhythmia started with clearly defined intrinsic deflections ( fig. 11, top) and was transformed during the intravenous administration of lidocaine into the peculiar sinusoidal-like pattern. A minimal but important change in rate accompanied this change of configuration. This seemed to exclude positional change as the cause for the change in wave configuiration. is more difficult. Activation of the left atrial wall appears to be oriented superiorly, as in group A, lasting for a shorter duration. In this group, as indeed in the first group, pathways of atrial excitation are not completely revealed by these technics. However, it has been shown that whereas no two sites in the two atria, respectively, were activated simultaneously in group A, there was considerable overlap of time between the activation of both atria in the second group, best illustrated by case 3 in figure 8 . These facts, although inconclusive, support the presence of a single discharging focus, low in the left atrial wall with impulses radially propagated to both atria. Similar conclusions were reached by Mirowski and wave forms, depending on the site of recording. Curves were constructed by geometric synthesis, the instantaneous amplitude being directly related to the angle (O,) magnitude at which the wave front is seen at the point of recording. A typical saw-tooth appearance was obtained at a remote point (aVR). Both esophageal and intra-atrial electrodes, as well as potentialdifference curves between those electrodes, show striking similarity to the curves obtained in case 1. In the rare situations in which the pathway is circular or the electrode is placed symmetrically in regard to an elliptic pathway, the constructed curve (left) resembles the flutter waves seen in figure 11, bottom. 
